INTRODUCTION
The primary lymphoid organs of teleost are the thymus and kidney, which correspond to the thymus and bone marrow of higher vertebrates, respectively, while the secondary lymphoid organs are the spleen, gut-associated lymphoid tissue, and the mucosal immune system. 1 In several teleosts, it has been demonstrated that monoclonal antibodies (mAbs) against serum immunoglobulin (Ig) mark a population of lymphocyte showing properties of B cells. [2] [3] [4] These mAbs are effective tools for immunocytochemical and immunohistochemical studies on the organ distribution of B cells. Recently, studies on carp Cyprinus carpio, 5 rainbow trout Salmo gairdneri, 6 catfish Ictalurus punctatus, 7 sea bass Dicentrarchus labrax, 8 and Atlantic salmon Salmo salar 9 using anti-Ig mAb showed the existence of B cells in the blood, spleen, kidney, gut, and epidermis in these fishes. In Japanese flounder Paralichthys olivaceus, one of the most important species in aquaculture, Chantanachookhin et al. reported the appearance of lymphocytes in the thymus, kidney, and spleen during early development, 10 although the distribution of lymphocyte subpopulation has not been examined in the adult fish.
We have previously obtained FB17 mAb against Japanese flounder serum Ig and demonstrated that this mAb could recognize sIg + cells showing properties of B cells in peripheral blood. 11 In the present study, we demonstrated that there are some apparent differences in B cell population between the kidney and spleen by comparing the distribution patterns of B cells among the head-kidney, trunk-kidney, and spleen.
MATERIALS AND METHODS

Fish
Cultured adult Japanese flounder about 500 g in body weight were obtained alive from a commercial supplier.
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Immunoperoxidase staining
The cell suspension of 1 ¥ 10 8 cells/mL in the staining buffer was smeared on slide glasses coated with lysine (Matsunami, S8441). Smears were air-dried quickly and fixed in acetone-methanol mixed solution (4 : 6) for 30 s on ice. Endogenous peroxide activity was blocked by treatment with 0.3% H 2 O 2 and 0.1% NaN 3 dissolved in distilled water for 10 min at room temperature. The slide glasses were incubated with 5% skim milk (Gibco) in PBS for 30 min and then reacted with FB17 mAb (4 mg/mL) for 30 min. After washing three times with PBS containing 0.05% Tween 20, the slide glasses were incubated with a 1/500 dilution peroxidase-conjugated goat IgG fraction to mouse IgG F(ab¢) 2 (Cappel) for 30 min. After washing, peroxidase activity was developed for 10 min with 3,3-diaminobenzidine tetrahydrochloride (0.5 mg/mL) in 10 mM Tris-HCl, pH 7.5, containing 0.025% H 2 O 2 . The stained smears were washed in distilled water and observed by microscopy. As the negative control, normal mouse IgG was used instead of FB17 mAb.
RESULTS AND DISCUSSION
Flow cytometric analysis showed that sIg + cells that were stained with mAb FB17 were distributed in the spleen, the head-kidney, and the trunk-kidney of the adult Japanese flounder. The percentages of sIg + cells in these organs are summarized in Table 1 . Scapigliati et al. reported that 12.2% of cells in sea bass head-kidney were immunoreactive with mAb against sea bass immunoglobulin light chain. 8 The present study showed that 10.3% of cells were identified as sIg + cell in the Japanese flounder head-kidney. Immunohistochemical analysis in carp head-kidney after immunization showed the presence of three different Ig + cells, identified as blast cells, plasma cells, and cells of plasmacytoid type. 12 In the present study, single wavelength histograms showed that there were subpopulations of sIg + cells which differ on the fluorescent intensity in Japanese flounder headkidney (Fig. 2) 
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Preparation of cells
The spleen, head-kidney, and trunk-kidney were removed and placed in the cold staining buffer which contained 5% fetal calf serum (FCS; Biological Industries, Israel) and 0.1% NaN 3 in PBS (phosphate-buffered saline). The trunk-kidney was divided into three portions and each portion was defined as head-side, middleside, and tail-side as shown in Fig. 1 . To obtain single cell suspensions, these organs were passed through a stainless mesh (No. 200) in the staining buffer by compressing with forceps. These cells were washed with the staining buffer five times and suspended to give 5 ¥ 10 7 cells/mL in the same buffer.
Flow cytometric analysis
Cell surface staining and flow cytometry were performed as described previously. 11 In brief, the cells were stained with the FB17 mAb (4 mg/mL) for 30 min on ice. As the negative control, normal mouse IgG (4 mg/mL) was added instead of the FB17 mAb. Subsequently, the cells were washed and incubated for 30 min on ice with 1/300 dilution fluorescein-conjugated goat antibody to mouse IgG (F(ab) 2 ) (Cappel, West Chester, PA, USA). After washing, 20 000 cells were analyzed with EPICS ELITE flow cytometer (Coulter, Miami, FL, USA) equipped with an argon ion laser (488 nm emission) at a constant power of 480 mW. Fig. 1 Portions of the kidney used in the present study. Y Tokuda et al. cells detected in the kidney should contain the B cells at the stage during differentiation to plasma cells. It was reported that the head-kidney has lost renal function but exhibited the hemopoietic capacity to a greater extent than the trunk-kidney.
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1 Accordingly, it is also possible that weak sIg + cells are immature B cells without developmental sIg. These cells were found in the trunkkidney, although the weak positive peak could not be observed distinctly.
The trunk-kidney contained more sIg + cells than the head-kidney (P < 0.005, Table 1 ). To explore the relationships between the percentages of sIg + cells in various organs of flounder, we plotted the percentages of sIg + cells in various combinations and calculated the coefficients between the axes. As shown in Fig. 4a , there was a significant correlation between the contents of sIg + cells in the head-kidney and trunk-kidney (P < 0.001). The correlation coefficient (r) between them was 0.996. The variations of percentage of sIg + cells in the head-kidney and the trunk-kidney are parallel to each other. In the trunk-kidney, more sIg + cells tended to distribute at the tail-side than those at the head-side, although statistically not significant ( Table 1 ), suggesting that the extent of contribution to the immunological defense mechanism differs between the regions in the trunk-kidney.
In the spleen, the percentage of sIg + cells varied extremely among individual fish. It ranged from 4.1 to 31.4% (Table 1 ). Considering the report that amounts of the lymphoid tissue in the spleen increased after antigenic stimulation, 1 the immune systems in some fish used in the present study were suspected to be activated by a These values were measured as the mean of the percentages of B cells in the head-side, middle-side, and tail-side of the trunk-kidney. Table 1 . The arrowheads show major positive peak positions. infection. However, all fish used were healthy in appearance. This is also supported by the fact that their spleens contained only one type of sIg + cell population (Fig. 2) , considering the report 9 that both strongly Ig-positive cells and weakly Ig-positive cells were detected in Atlantic salmon spleen after antigen stimulation. From this we speculate the difference of any physiological conditions but infection was the cause of individual difference. For example, the immune response in Chinook salmon Oncorhynchus tshawytscha was suppressed by exposure to stress such as being held out of water and transportation.
14 Because all of the fish examined here were cultured in the same farm and supposed to be treated similarly, the difference in percentage of sIg + cells observed in the present study may be due to the difference in sensitivity to the stress such as netting and transportation. It is necessary to investigate the relation between the percentage of sIg + cells in the lymphoid organs and the serum cortisol level which is known to elevate in response to stress.
Press et al. demonstrated that there existed a larger number of Ig + cells in the head-kidney than in the spleen of Atlantic salmon. 15 In this study, the head-kidney of fish A and B contained higher percentage of sIg + cells than the spleen in agreement with Atlantic salmon (Table 1) . However, the percentages of sIg + cells in the spleens of four fish (fish C to F) were higher than that in the head-kidney. As shown in Fig. 4b , no correlation was detected between the percentages of sIg + cells in the head-kidney and that in the spleen in all six fish examined. In fish C to F, however, it should be noted that a weak correlation was recognized between the percentages of sIg + cells in the head-kidney and that in the spleen, although statistically not significant (r = 0.936, P > 0.05). Similarly, a correlation between the percentages of sIg + cell in the trunk-kidney and that in the spleen was recognized only among four fish except fish A and B (r = 0.938, P > 0.05) (Fig. 4c) . The fact that the percentage of sIg + cells in the spleen has no correlation with that in the head-kidney and in the trunk-kidney in all fish tested suggests the possibility that the spleen and kidney play different roles in immune system.
In conclusion, we showed that there is no correlation between the percentage in the spleen and the headkidney or trunk-kidney and that the kidney contains the cells bearing fewer sIg besides mature B cells. These results suggest that the differentiation of B cells to plasma cells occurs in the kidney, although more precise analyses of B-cell lineage using additional markers are needed to identify the weak sIg + cells detected in the kidney. Table 1 . Y Tokuda et al. Future Program of the Japan Society for the Promotion of Science (97L00902).
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